Species of the genus Paenibacillus that now belong to the family Paenibacillaceae were originally classified within the genus Bacillus and were reclassified in 1993 [1] . The genus Paenibacillus comprises 182 species (based on the List of Prokaryotic Names with Standing in Nomenclature; www.bacterio.net), which are widely distributed in diverse environments, such as soil [2] , waste water [3] , earthworm guts [4] , human clinical samples [5] , marine sediment [6] , compost [7] and honey bee larvae [8] . Generally, bacteria in the genus Paenibacillus are rod-shaped facultative anaerobes with endospore formation. They contain MK-7 as the major isoprenoid quinone and ansteiso-C 15 : 0 as the major fatty acid. In a honey bee gut microbial diversity study, novel candidate strains of the genus Paenibacillus, designated CBM1 T , CBH23 and LAH16 T , were isolated from the intestine of Apis mellifera. Three novel strains belonging to the genus Paenibacillus that are closely related to Paenibacillus puldeungensis CAU 9324 T [9] and Paenibacillus amylolyticus NRRL NRS-290 T [1] are described in this report.
Strain CBM1 T was isolated from the midgut and strains CBH23 and LAH16 T were isolated from the hindgut of the honey bee A. mellifera in South Korea. Five honey bees were collected from a hive and transported to the laboratory. Gut contents of honey bees were extracted from the bodies after washing twice with 100 % ethyl alcohol and divided into three parts: crop, midgut and hindgut. Cells were isolated following the standard dilution-plating method and then incubated under aerobic conditions in the presence of 5 % CO 2 at 34±1 C for 14 days. Luria-Bertani Agar (LA; BD) and Columbia Agar (BD) containing 5 % sheep blood (CBA) were used for isolation. To obtain pure isolates, a single visible colony was repeatedly transferred to new agar plates. Two strains, CBM1 T and CBH23, were isolated on CBA, and strain LAH16 T was isolated on LA medium. The three strains were cultured on each isolation medium, CBA and LA, and were later maintained on LA medium at 34±1 C for all experiments, unless stated otherwise.
The cell morphologies of strains CBM1 T , CBH23 and LAH16 T were observed by standard Gram staining and light microscopy (ECLIPSE 50i; Nikon). Gram reactions were performed using a Gram-staining kit (bioM erieux) according to the manufacturer's instructions. Endospore formation was examined using a previously described method [10] . A motility test was performed on 0.4 % semi-solid LA according to the methods of Tittsler and Sandholzer [11] . Oxygen requirements were tested by culturing for 14 days on LA at 37 C in an anaerobic chamber with an atmosphere of N 2 / CO 2 /H 2 (90 : 5 : 5). The colonies of the three strains were circular and raised with entire margins on LA plates and greyish-red in colour on CBA plates. The colonies of CBM1 T and CBH23 were off-white, and LAH16 T was yellowish-white on LA. Cells of the three strains were Gram-negative-staining, facultatively anaerobic, endospore-forming and motile. Strains CBM1 T , CBH23 and LAH16 T were rod-shaped with sizes of 0.5-0.6Â1-3, 0.5-0.6Â1-2 and 0.5-0.6Â1-4 µm (width by length), respectively.
To determine the conditions for growth, each strain was cultivated in Luria-Bertani broth (LB; BD) at various NaCl concentrations (0-15 % at 1 % intervals, and 17 %), at a pH range from pH 3.5 to 9.0 (at 0.5 pH unit intervals) and at pH 10 and pH 11, and at various temperatures (4, 10, 15, 20, 25, 30, 34, 37, 45, 55 or 65 C) for 7 days. The pH was adjusted with HCl or KOH and by adding 10 mM MES (C 6 H 13 NO 4 S) (for pH 3.5-6), 10 mM TAPS (C 7 H 14 NO 6 S) (for pH 6.5-9) or 10 mM Na 2 HPO 4 (for pH 10 and 11). All experiments were performed in triplicate. The turbidity of each culture medium was measured using a Synergy Mx Microplate Reader (BioTek) based on the optical density at 600 nm after 24 h, 48 h and 7 days of incubation. Growth of CBM1 T and CBH23 was detected at 15-37 C (optimum, 25-37 C), in the presence of 0-5 % (w/v) NaCl (optimum, 0-2 %) and in the pH range from pH 6.0 to 9.0 (optimum, pH 6.0-8.0). Growth of LAH16 T was observed at 10-37 C (optimum, 20-37 C) in the presence of 0-6 % NaCl (optimum, 0-3 %) and in the pH range from pH 5.0 to 9.0 (optimum, pH 6.0-8.0).
Genomic DNAs were extracted and purified based on methods previously described by Sambrook et al. [12] . To determine the taxonomic positions of isolates, genomic DNA extracted from each strain was used to amplify the 16S rRNA gene by PCR with PCR Premix Taq (TAKARA) and two universal bacterial primers, 8F (5¢-AGAGTTTGATCCTGGC TCAG-3¢) and 1492R (5¢-AAGGAGGTGATCCAGCCGC-3¢). The amplified PCR products for the 16S rRNA gene were purified using the QIAquick PCR Purification kit (Qiagen) and then sequenced by a sequencing provider (Macrogen, Korea). The 16S rRNA gene sequence fragments were assembled using SeqMan (DNASTAR). The nearly complete 16S rRNA gene sequences of isolates were subjected to BLAST searches against the EzTaxon webserver (www.ezbiocloud. net/) [13] . For 16S rRNA genes of strains CBM1 T and CBH23, high sequence identities with the 16S rRNA gene of P. puldeungensis CAU 9324 T were detected (97.5 and 97.1 %, respectively). For strain LAH16 T , the highest sequence identity (98.3 %) was detected with the 16S rRNA gene sequence of P. amylolyticus NRRL NRS-290 T . In pairwise alignments of the 16S rRNA gene sequences of the three isolates, strains CBM1 T and CBH23 (sequence identity of 99.4 %) were more closely related to each other than to strain LAH16 T (sequence identities of 92.5 and 92.9 % with CBM1 T and CBH23, respectively).
To determine the phylogenetic relationships among strains CBM1 T , CBH23 and LAH16 T and closely related species (sequence identity of >95 % for the 16S rRNA gene), 16S rRNA gene sequences of reference strains were obtained from the EzTaxon database and used to generate a multiple sequence alignment using CLUSTAL W [14] . Phylogenies based on 16S rRNA gene sequences were reconstructed using the neighbour-joining method [15] implemented in MEGA6.0 [16] , and support levels for each node were determined by neighbour-joining [15] , maximum-likelihood [17] and maximum-parsimony [18] algorithms with 1000 replicates. The three strains were within the cluster comprising the genus Paenibacillus. Strains CBM1 T and CBH23 were associated with P. puldeungensis CAU 9324 T , and strain LAH16 T was the sister taxon to the group containing P. amylolyticus NRRL NRS-290 T (Fig. 1 ).
The DNA G+C contents of strains CBM1 T , CBH23 and LAH16 T were determined by a fluorometric method using SYBR green I (Takara) and a real-time PCR thermocycler (Bio-Rad) [19] . Genomic DNAs from Escherichia coli K-12, Bacteroides fragilis NCTC 9343 T , Bacteroides thetaiotaomicron VPI-5482 T and Ruegeria pomeroyi DSS-3 T were used for calibration. Each strain was tested in five replicates. The DNA G+C contents for strains CBM1 T , CBH23 and LAH16 T were 47.7, 48.1 and 46.1 mol%, respectively.
The genomic DNAs of strains CBM1 T , CBH23, LAH16 T and closely related species (sequence similarity of >97 % for 16S rRNA) were used for enterobacterial repetitive intergenic consensus (ERIC)-PCR genotyping. Each DNA template was amplified using primers ERIC1R and ERIC2 [20] in a total volume of 25 µl, including 12.5 µl of Premix Ex Taq (Takara) with an initial denaturation step at 95 C for 15 min, followed by 35 cycles of denaturation at 94 C for 1 min, annealing at 52 C for 1 min and extension at 68 C for 8 min with a final extension at 68 C for 10 min [21] . Each PCR amplicon was identified on a 1 % (w/v) agarose gel. Fig. S1 (available in the online Supplementary Material) clearly shows that each strain had a different genotype.
For the biochemical analysis, strains were cultivated at 34 C for 48 h in LA medium and used for an activity test. The addition of 3 % H 2 O 2 demonstrated that cells of all three strains were positive for catalase activity and the addition of 1 % dimethyl-p-phenylenediamine (bioM erieux) indicated that they were oxidase-positive. Each strain, CBM1 T , CBH23 and LAH16 T , was characterized with respect to enzyme activity using API ZYM test strips (bioM erieux) and acid production from carbohydrates using API 50CH test strips with API 50CHB/E medium (bioM erieux), according to the manufacturer's instructions. Table 1 summarizes the results of these comparative analyses. As shown in Table 1 , each strain, CBM1 T , CBH23 and LAH16 T , and their reference strains were biochemically distinct.
The strains were characterized based on chemotaxonomic properties by comparisons of the cellular fatty acid composition, dominant isoprenoid quinone and polar lipid profile with those of the reference strains. The cellular fatty acid methyl esters of strains CBM1 T , CBH23, LAH16 T and their reference strains were extracted according to the protocol for the Sherlock Microbial Identification System (MIDI) [22] . The cellular fatty acid compositions were identified by gas chromatography (Agilent Technologies) and the Microbial Identification software package (Sherlock version 6.2; MIDI) with the TSBA6 library [23] . While the major fatty acids (>10 % of the total fatty acids) of strains CBM1 T and CBH23 were C 16 [25] . For the compositional analysis, a chloroform/methanol/acetic acid/water (50 : 6 : 6 : 1, by vol.) mixture was used as the development solvent. The polar lipid profiles of CBM1 T and CBH23 included six unidentified lipids, an unidentified aminophospholipid, two unidentified phospholipids, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and phosphatidylserine, whereas that of LAH16 T included two unidentified lipids, two unidentified aminophospholipids, diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine (Fig. S2) . Like most members of the genus Paenibacillus, strains CBM1 T , CBH23 and LAH16 T possessed diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. CBM1 T and CBH23 contained a variety of lipids in comparison with LAH16 T and closely related species of the genus Paenibacillus.
Isoprenoid quinones were extracted from each strain using a chloroform/methanol (2 : 1, v/v) mixture, as described by Collins and Jones [26] . Concentrated isoprenoid quinones obtained from a vacuum rotary evaporator were analysed by HPLC with a Hypersil ODS C18 (250Â4.6 mm) column. HPLC running conditions were as follows: the solvent mixture as the mobile phase was methanol/isopropanol (2 : 1), flow rate was 1 ml min À1 and running temperature was 40 C. Solvent conditions were held constant. The major menaquinone detected in the three strains was MK-7 (56.3 % for CBM1 T and 57.8 % for CBH23), which is the major quinone in species of the genus Paenibacillus, and CBM1 T and CBH23 contained an additional major quinone, MK-8(H 2 ) (43.7 and 42.2 %, respectively).
In conclusion, the results obtained in this study demonstrated that strains CBM1 T and CBH23 and strain LAH16 T isolated from the honey bee intestine represent two novel species of the genus Paenibacillus, for which the names Paenibacillus apis sp. nov. and Paenibacillus intestini sp. nov. are proposed, respectively.
DESCRIPTION OF PAENIBACILLUS APIS SP. NOV.
Paenibacillus apis (a¢pis. L. gen. fem. n. apis of/from a honey bee, the genus name of the honey bee Apis mellifera). The type strain is LAH16 T (=KCTC 33832 T =JCM 31621 T ), which was isolated from the intestine of Apis mellifera in South Korea. The DNA G+C content is 46.1 mol%. 
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